**Article impact statement**: Invasive species control requires collective actions that prioritize flexible boundaries and social learning over monitoring and sanctions.

Introduction {#cobi13266-sec-0030}
============

Invasive species are mobile, have multiple vectors, and ignore property, jurisdictional, and tenure boundaries. They are a globally persistent and growing problem for agricultural, forestry, aquatic, and natural systems (Pimental et al. [2001](#cobi13266-bib-0051){ref-type="ref"}; McGeoch et al. [2010](#cobi13266-bib-0035){ref-type="ref"}). Economically, invasive species cause considerable losses to agriculture, forestry, aquaculture, and livestock, and management costs are high (Simberloff et al. [2005](#cobi13266-bib-0054){ref-type="ref"}). Ecologically, invasive species, second only to habitat loss, drive species extinction (CBD [2013](#cobi13266-bib-0007){ref-type="ref"}). Socially, invasive species threaten ecosystem services and human well‐being (Pejchar & Mooney [2009](#cobi13266-bib-0049){ref-type="ref"}). Researchers argue that these impacts persist because invasive species management has focused largely on individual‐property solutions at the expense of collaborative approaches that transcend ownership and jurisdictional boundaries in a variety of social‐ecological systems (Epanchin‐Niell et al. [2010](#cobi13266-bib-0014){ref-type="ref"}; Graham [2013](#cobi13266-bib-0018){ref-type="ref"}; Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}). We synthesized existing empirical research on invasive species collective action to enhance understanding of how collaborative approaches work in practice and to determine to what extent they are consistent with, or go beyond, existing collective‐action theories and what lessons can be learned to facilitate cooperative management of invasive species.

Command‐and‐control legislation has formed the foundation of invasive species policies in countries such as Australia (Parsons & Cuthbertson [2001](#cobi13266-bib-0048){ref-type="ref"}), Canada (Zanden et al. [2010](#cobi13266-bib-0064){ref-type="ref"}), and the United States (Zellmer [2000](#cobi13266-bib-0065){ref-type="ref"}), despite the promise of alternative strategies (Head et al. [2015](#cobi13266-bib-0023){ref-type="ref"}). This approach is predicated on the idea that incentives and sanctions are required to make controlling invasive species the rational choice for individual actors. Recently, policy makers have acknowledged that this approach has not, and cannot, achieve landscape‐scale invasive species control (NSW NRC [2014](#cobi13266-bib-0041){ref-type="ref"}, [2016](#cobi13266-bib-0042){ref-type="ref"}). Thus, new approaches are needed that embrace shared responsibility and encourage collective action across land tenures (e.g., NSW NRC [2014](#cobi13266-bib-0041){ref-type="ref"}, [2016](#cobi13266-bib-0042){ref-type="ref"}; Great Britain Non‐Native Species Secretariat [2015](#cobi13266-bib-0020){ref-type="ref"}).

Theories about collective action have evolved substantially from purely rational explanations (Olson [1965](#cobi13266-bib-0043){ref-type="ref"}) to more bounded approaches recognizing the importance of other factors, such as the number and heterogeneity of participants, face‐to‐face communication, trust, reputation, and reciprocity (Van Vugt & Snyder [2002](#cobi13266-bib-0061){ref-type="ref"}; Ostrom [2010](#cobi13266-bib-0046){ref-type="ref"}). Research into the extent to which collective action exists in invasive species management at subnational scales and the constraints and opportunities to area‐wide cooperation is growing (Fig. [1](#cobi13266-fig-0001){ref-type="fig"}). Yet, theoretical questions remain about how contemporary collective‐action theories apply to the specifics of invasive species management (Epanchin‐Niell et al. [2010](#cobi13266-bib-0014){ref-type="ref"}; Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}).

![Years of publication of 32 empirical research articles on local and regional collective action in invasive species management.](COBI-33-275-g001){#cobi13266-fig-0001}

Coupling current policy directions with salient lessons from the bounded‐rationality approach and the 30‐year history of invasive species collective action research (beginning with Tette et al. [1987](#cobi13266-bib-0057){ref-type="ref"}) (Fig. [1](#cobi13266-fig-0001){ref-type="fig"}) offers an opportunity to provide a critical review of what has been learned, suggestions for more effective application, and prioritization of future research investments. We sought to identify the extent to which collective‐action theories from related agricultural and environmental fields explain collaborative invasive species management approaches; describe and differentiate emergent invasive species collective‐action efforts; and provide practical guidance on how future research, policy, and practice can investigate and facilitate more collaborative approaches. Based on our review, we summarized the theoretical frameworks used to design and assess invasive species collective actions and devised a typology of collective responses to invasive species threats. We considered opportunities to enhance theory and research on invasive species public goods (PGs) and their application across scales.

Need for Conceptual Clarity {#cobi13266-sec-0040}
===========================

Defining collective action is deceptively difficult. Meinzen‐Dick et al. ([2004](#cobi13266-bib-0038){ref-type="ref"}:200) suggest that, "what most definitions have in common is that collective action requires the *involvement of a group of people*, it requires a *shared interest* within the group, and it involves some kind of *common action* that works in pursuit of that shared interest." Collective‐action problems can be conceptualized as either common pool resources (CPRs) or PG dilemmas. Both types of resources can be nonexcludable, meaning people cannot be prevented from enjoying them. All PGs are nonexcludable, whereas only subsets of CPRs are nonexcludable (Ostrom [1990](#cobi13266-bib-0044){ref-type="ref"}). A CPR is rivalrous such that consumption reduces availability for others, whereas PGs are nonrivalrous (Olson [1965](#cobi13266-bib-0043){ref-type="ref"}; Ostrom [1990](#cobi13266-bib-0044){ref-type="ref"}; Kollock [1998](#cobi13266-bib-0029){ref-type="ref"}). Further, CPR dilemmas require restraints on consumption, whereas PG dilemmas do not. Conversely, PG dilemmas require contributions from people (Van Vugt & Snyder [2002](#cobi13266-bib-0061){ref-type="ref"}), whereas this is true of only a subset of CPR dilemmas (Ostrom [1990](#cobi13266-bib-0044){ref-type="ref"}; Bisaro & Hinkel [2016](#cobi13266-bib-0005){ref-type="ref"}). Despite the theoretical clarity between PGs and CPRs, their boundaries can be blurry. Marine resources are often cited as a classic CPR because it is difficult to exclude users, even though a fish harvested by one person cannot be caught by others (Ostrom [1990](#cobi13266-bib-0044){ref-type="ref"}). National defense is generally considered a PG because protection enjoyed by one does not limit the protection enjoyed by others (Apesteguia & Maier‐Rigaud [2006](#cobi13266-bib-0001){ref-type="ref"}).

There is widespread agreement that management of invasive species constitutes a collective‐action problem (Epanchin‐Niell et al. [2010](#cobi13266-bib-0014){ref-type="ref"}; McLeod & Saunders [2011](#cobi13266-bib-0036){ref-type="ref"}; Yung et al. [2015](#cobi13266-bib-0063){ref-type="ref"}). The challenges associated with promoting collective actions to manage invasive species are a social dilemma that arises because invasive species freely cross property boundaries, creating uncompensated interdependencies and externalities among spatially proximate land managers (Cornes & Sandler [1996](#cobi13266-bib-0008){ref-type="ref"}). Yet, there is disagreement about which type of collective‐action problem invasive species management constitutes. Although some authors treat it as a CPR dilemma (e.g., Ervin & Jussaume [2014](#cobi13266-bib-0016){ref-type="ref"}; Kruger [2016a](#cobi13266-bib-0030){ref-type="ref"}) or argue it has elements of both CPR and PG dilemmas (e.g., Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}), more authors consider it a PG problem (e.g., Ayer [1997](#cobi13266-bib-0002){ref-type="ref"}; Perrings et al. [2002](#cobi13266-bib-0050){ref-type="ref"}; Toleubayev et al. [2007](#cobi13266-bib-0059){ref-type="ref"}; Coutts et al. [2013](#cobi13266-bib-0009){ref-type="ref"}; Graham [2014](#cobi13266-bib-0019){ref-type="ref"}).

We assert that invasive species control has 2 characteristics that are more consistent with PG dilemmas. First, invasive species control requires contributions (e.g., adopting control practices and supporting local programs) by actors in a system (acknowledged by Kruger \[[2016a](#cobi13266-bib-0030){ref-type="ref"}\] but was not considered when she categorized invasive species control as a CPR problem). In some cases, restraint is also required. For example, managing herbicide‐resistant weeds requires land managers limit (restrain) their use of some herbicides (Ervin & Jussaume [2014](#cobi13266-bib-0016){ref-type="ref"}; Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}). However, restraint cannot solve the overarching problem of invasive species management; contributions are required to remove invasive species. Second, invasive species management generates environments free of invasive species, which are inherently nonrivalrous (Kruger [2016a](#cobi13266-bib-0030){ref-type="ref"}); one\'s enjoyment of a weed‐free environment does not detract from another\'s enjoyment thereof (although noncontributors affect the benefits contributors receive \[Kruger [2016a](#cobi13266-bib-0030){ref-type="ref"}\]). The distinctions between PG and CPR problems rest on whether contributions or restraint are required and whether benefits are subtractable (i.e., rivalrous). Although such distinctions can sometimes be nuanced, they define contexts in which human behaviors can vary substantially (Kollock [1998](#cobi13266-bib-0029){ref-type="ref"}; Bisaro & Hinkel [2016](#cobi13266-bib-0005){ref-type="ref"}).

Still, investigations of environmental collective action draw primarily from CPR, rather than PG, theories. From Hardin\'s ([1968](#cobi13266-bib-0022){ref-type="ref"}) "tragedy of the commons" and its subsequent critiques, dialogue in the conservation community has primarily focused on CPRs. Specifically, Ostrom\'s ([1990](#cobi13266-bib-0044){ref-type="ref"}) 8 design principles for community‐based programs, derived from examples of long‐enduring CPR institutions, have had profound influence on the field. Similarly, Ostrom\'s ([2009](#cobi13266-bib-0045){ref-type="ref"}) 10 factors that affect self‐organized collective action stem from CPR examples and have been employed in countless studies of environmental collective action. Meta‐analyses of CPR institutions demonstrate that each design principle is individually correlated with successful CPR institutions (Cox et al. [2010](#cobi13266-bib-0010){ref-type="ref"}) and that some subsets result in more successful CPR institutions, depending on mobility of the resource and amount of human effort required to manage it (Baggio et al. [2016](#cobi13266-bib-0003){ref-type="ref"}). Although governance arrangements that are most effective for CPRs are likely to differ from PGs (Cox et al. [2010](#cobi13266-bib-0010){ref-type="ref"}), there has been little systematic consideration of which design principles are applicable to PGs and under what circumstances. In the case of invasive species management, CPR‐focused conceptual models have been applied to investigations of invasive species collective action with little consideration of whether they are appropriate given that invasive species control is more consistent with PG dynamics.

We sought to improve the science and practice of invasive species control by describing ways collective action has manifested and providing theoretical clarity by evaluating the appropriateness of applying a CPR frame to this PG dilemma. We evaluated whether Ostrom\'s 2 conceptual models, originally developed through study of CPRs, improve understanding of invasive species PG problems. We also considered whether there are additional factors that supplement Ostrom\'s models and help explain collective action for invasive species control.

Overview of Invasive Species Collective‐Action Research {#cobi13266-sec-0050}
=======================================================

Seven of us met and discussed our understanding of collective action in the context of invasive species management. Our interpretation of collective action was oriented toward subnational strategies that encourage coordination, cooperation, and joint action, rather than concurrent unilateral action (consistent with Sadoff and Grey\'s \[[2005](#cobi13266-bib-0053){ref-type="ref"}\] cooperation continuum). Our interpretation of invasive species included invasive plants, animals, and insects. We searched for articles that discussed pest management because the terms *pest* and *invasive species* are often used interchangeably (e.g., Epanchin‐Niell et al. [2010](#cobi13266-bib-0014){ref-type="ref"}; Ford‐Thompson et al. [2012](#cobi13266-bib-0017){ref-type="ref"}) and because the mobility of pests also requires collective solutions (Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}).

We identified 21 publications (Supporting Information) related to collective action for invasive species control. We reviewed these publications to refine our conceptualization of collective action and develop a list of search terms (Table [1](#cobi13266-tbl-0001){ref-type="table"}). Subsequently, we conducted a Scopus title‐abstract‐keyword search on 11 October 2016 and found 144 articles, from which we reviewed those that reported social research about collective invasive species management. Selected articles (32) represented environmental, agricultural, biological, and social sciences and multidisciplinary fields.

###### 

Search terms used to identify articles on collective action in invasive species management

  Collective action                                                                                                                                                                                                                                                                                                                                     Invasive species management
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  "*collective action*" OR "cooperative control" OR "community reciprocity" OR "community participation" OR "centrally organized" OR "community problem solving" OR "community‐based conservation" OR "community‐based natural resource management" OR "collective natural resource management" OR "community‐based comanagement" OR "social dilemma"   *invasives* OR "*invasive species*" OR "alien species" OR "non‐native species" OR "non‐indigenous species" OR "exotic species" OR "introduced species" OR "biological invasions" OR "biological invasion" OR bioinvasion^\*^ OR "invasive animal" OR "invasive animals" OR "exotic animal" OR "exotic animals" OR "feral animal" OR "feral animals" OR "non‐native mammal" OR "non‐native mammals" OR "introduced mammal" OR "introduced mammals" OR feral^\*^ OR "invasive plant" OR "invasive plants" OR pest^\*^ OR weed^\*^ OR biosecurity OR "noxious plant" OR \"noxious plants"

John Wiley & Sons, Ltd.

We reviewed all articles for general characteristics, such as geographic focus and invasive species of interest, and to determine which PG and CPR theories, if any, were used by authors to frame investigations. Two authors independently coded each article to determine whether Ostrom\'s 10 factors or 8 design principles were explicitly or implicitly identified as significant to the achievement of collective action for invasive species control, consistent to Cox et al.'s ([2010](#cobi13266-bib-0010){ref-type="ref"}) and Baggio et al.'s ([2016](#cobi13266-bib-0003){ref-type="ref"}) approach. We also identified instances where CPR approaches were inconsistent with the PG nature of invasive species control. We agreed that a singular summary of invasive species collective action was inadequate because of the diverse ways actors organized themselves and that a typology was more appropriate. Using Uetake\'s ([2013](#cobi13266-bib-0060){ref-type="ref"}) typology as a starting point, we revisited articles to extract descriptions for 4 types of invasive species collective control.

General Characteristics {#cobi13266-sec-0060}
-----------------------

The majority of the 32 articles focused on invasive species management in the United States and Australia (Supporting Information). Two studies included comparisons between the United States and Canada and Mexico. Four studies focused exclusively on developing countries. One article focused on continents rather than countries.

Conceptualizing Invasive Species Management as Common Pool Resources or Public Goods {#cobi13266-sec-0070}
------------------------------------------------------------------------------------

Articles presented divergent theoretical conceptualizations of invasive species management as a CPR, PG, or nonspecific type of collective‐action problem. Seventeen studies labeled invasive species as a generic collective action problem, 4 considered invasive species a PG problem (Ayer [1997](#cobi13266-bib-0002){ref-type="ref"}; Toleubayev et al. [2007](#cobi13266-bib-0059){ref-type="ref"}; Graham [2014](#cobi13266-bib-0019){ref-type="ref"}; Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}), 1 referred to invasive species as a CPR problem (Kruger [2016a](#cobi13266-bib-0030){ref-type="ref"}), and 1 acknowledged that herbicide susceptibility has both PG and CPR elements (Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}). The remaining 9 studies did not explicitly frame invasive species with collective action theory or language, despite discussion of cross‐boundary issues or collective responses.

A small subset of CPR factors (Ostrom [2010](#cobi13266-bib-0046){ref-type="ref"}) and design principles (Ostrom [2009](#cobi13266-bib-0045){ref-type="ref"}) were mentioned consistently across articles (Tables [2](#cobi13266-tbl-0002){ref-type="table"} & [3](#cobi13266-tbl-0003){ref-type="table"}). The 3 factors most commonly mentioned were number of users, norms or social capital, and knowledge of the socioecological system. The 3 design principles most consistently referenced were monitoring, graduated sanctions, and clearly defined boundaries. Despite this, there were important differences between how these factors and design principles were originally conceptualized in the CPR literature and how authors applied them.

###### 

Results from coding each article against Ostrom\'s ([1990](#cobi13266-bib-0044){ref-type="ref"}) design principles illustrated by long‐enduring common pool resource institutions.[a](#cobi13266-tbl2-note-0001){ref-type="fn"}

  -----------------------------------
  ![](COBI-33-275-g002.jpg "Image")
  -----------------------------------

Codes: blank cell, design principle not identified. In the remaining cells, the design principle was identified: +, behaved as per Ostrom; --, did not behave as per Ostrom; &, did and did not behave as per Ostrom; [\*](#cobi13266-tbl2-note-0002){ref-type="fn"}, insufficient information to ascertain how the design principle operated.

Articles spanned multiple forms of collective action.
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###### 

Results from coding each article against Ostrom\'s ([2009](#cobi13266-bib-0045){ref-type="ref"}) 10 factors that affect self‐organized collective action.[a](#cobi13266-tbl3-note-0001){ref-type="fn"}

  -----------------------------------
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Codes: Blank cell, design principle not identified. In the remaining cells, the design principle was identified: +, behaved as per Ostrom; &, did and did not behave as per Ostrom; ^\*^, insufficient information to ascertain how the design principle operated.

Articles spanned multiple forms of collective action.

John Wiley & Sons, Ltd.

Some aspects of CPR theory referenced consistently across articles are applicable to both CPR and PG problems. For example, reviewed articles emphasized the importance of shared problem framing by stakeholders and land managers. Common understanding of the social and ecological contexts and threats posed by invasive species was presented as important for establishing a shared vision and realistic goals (Thomsen & Caplow [2017](#cobi13266-bib-0058){ref-type="ref"}). Thus, many authors concluded that sharing information and social learning were necessary factors for addressing invasive species problems (e.g., Ayer [1997](#cobi13266-bib-0002){ref-type="ref"}; Toleubayev et al. [2007](#cobi13266-bib-0059){ref-type="ref"}; Mead [2016](#cobi13266-bib-0037){ref-type="ref"}). Trust and reciprocity were frequently cited as necessary ingredients for effective collective responses to invasive species. Consistent with CPR theory, authors emphasized that trust was important for facilitating communication (Graham [2013](#cobi13266-bib-0018){ref-type="ref"}), developing a sense of community responsibility (Yung et al. [2015](#cobi13266-bib-0063){ref-type="ref"}; Marshall et al. [2016](#cobi13266-bib-0034){ref-type="ref"}), and social norms (Minato et al. [2010](#cobi13266-bib-0039){ref-type="ref"}). Limits to norms and trust were also recognized. For example, norms facilitate mutual aid, but not other forms of collaboration (Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}), and trust between private land managers and government staff can undermine collaboration among private land managers (Graham [2013](#cobi13266-bib-0018){ref-type="ref"}).

Other identified factors reflected CPR theory but had some features that highlighted the PG nature of invasive species management problems. For instance, many articles discussed the difficulty of coordinating a large and diverse population of land managers, reminiscent of the "number of users" factor established by Ostrom ([2009](#cobi13266-bib-0045){ref-type="ref"}) as important for CPRs (e.g., Klepeis et al. [2009](#cobi13266-bib-0028){ref-type="ref"}; McLeod & Saunders [2011](#cobi13266-bib-0036){ref-type="ref"}; Yung et al. [2015](#cobi13266-bib-0063){ref-type="ref"}). Although PG and CPR problems become more difficult with increasing numbers of people involved, the reasons self‐organization becomes harder differ. With PG problems, there are increased transaction costs associated with organizing large groups (Ostrom [2009](#cobi13266-bib-0045){ref-type="ref"}), but the likelihood of defectors is higher in large groups and is particularly problematic in weakest link PG problems, where invasive species control depends on contributions made by the least (weakest link) willing actors (Hirshleifer [1983](#cobi13266-bib-0027){ref-type="ref"}). More contributions are necessary to attain the PG (especially in threshold‐aggregator problems, where benefits do not accrue until enough contributions are made), and the failure of some individuals to sufficiently contribute may undermine cooperation through diminished perceptions of efficacy (Kollock [1998](#cobi13266-bib-0029){ref-type="ref"}).

There are also important differences in the significance attached to boundary definition. Boundaries around CPRs are important for delineating resources, jurisdictional authority, and access rights for users and nonusers. For example, institutions that clearly define users and boundaries are more likely to be successful (Cox et al. [2010](#cobi13266-bib-0010){ref-type="ref"}). Similarly, having clearly defined users is a necessary condition for success, especially for highly mobile resources (Baggio et al. [2016](#cobi13266-bib-0003){ref-type="ref"}). This differs from how boundaries related to collective responses to invasive species control where they inspired cooperation, established a scale for the problem that seemed surmountable to local actors, aligned with political boundaries, or leveraged resources (Higgins et al. [2007](#cobi13266-bib-0026){ref-type="ref"}; Donaldson & Mudd [2010](#cobi13266-bib-0013){ref-type="ref"}). For example, unclear boundaries of weed management areas represent a missed opportunity to use boundaries to inspire cooperation and solidarity (Gunderson‐Izurieta et al. [2008](#cobi13266-bib-0021){ref-type="ref"}). Sometimes boundaries are presented as fuzzy (e.g., Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}) and expandable (e.g., Higgins et al. [2007](#cobi13266-bib-0026){ref-type="ref"}; Bryce et al. [2011](#cobi13266-bib-0006){ref-type="ref"}). Although CPR boundaries often have a gradient quality to them, or are fuzzier than the design principles imply (Cox et al. [2010](#cobi13266-bib-0010){ref-type="ref"}), there has been little consideration of how expandable boundaries can be used to motivate greater participation in collective action.

Monitoring and sanctions by regulators, 2 design principles that lead to more successful CPR institutions (Cox et al. [2010](#cobi13266-bib-0010){ref-type="ref"}), were sometimes incompatible with the PG nature of invasive species problems and undermined collective efforts. Sustainable use of CPRs is ensured through careful (and collaborative) governance of consumption. For these resources, monitoring of user behavior and the resource conditions by regulators accountable to the users and associated graduated sanctions are essential for detecting, preventing, and punishing unauthorized behavior (Cox et al. [2010](#cobi13266-bib-0010){ref-type="ref"}). In contrast, PGs are produced through contributions. Sanctions can coerce contributions, but may undermine cooperation when access for monitoring is not ubiquitously available. We found that monitoring and sanctioning of individual behavior by external agencies was onerous (Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}), undermined cooperation within invasive species programs, and eroded trust among invasive species control advocates and administrators (Hershdorfer et al. [2007](#cobi13266-bib-0025){ref-type="ref"}; Marshall et al. [2016](#cobi13266-bib-0034){ref-type="ref"}), especially when monitors were not accountable to the PG contributors (Graham [2013](#cobi13266-bib-0018){ref-type="ref"}, [2014](#cobi13266-bib-0019){ref-type="ref"}). Conversely, monitoring of the overall invasive species abundance or distribution was critical to the success of some invasive species control programs (e.g., Tette et al. [1987](#cobi13266-bib-0057){ref-type="ref"}; de Groot [1995](#cobi13266-bib-0012){ref-type="ref"}; Hershdorfer et al. [2007](#cobi13266-bib-0025){ref-type="ref"}). In meta‐analyses of CPR studies, external monitoring of user behavior and the resource condition are lumped together. Our review suggests that for PGs, these 2 forms of monitoring have different impacts on collective action. Furthermore, we found that neighbor‐to‐neighbor, as distinct from external, monitoring motivated contributions to the PG (e.g., Graham [2014](#cobi13266-bib-0019){ref-type="ref"}; Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}), especially in community‐led collective action. More research is needed to understand how different types of monitoring and sanctions (i.e., behavior vs. resource condition and external vs. neighbor‐to‐neighbor) affect contributions to different types of invasive species collective action and other PGs more broadly.

Four Types of Invasive Species Collective Action {#cobi13266-sec-0080}
------------------------------------------------

Theoretical inconsistency was further complicated by diverse descriptions of collective‐action approaches to invasive species control. Authors considered 4 types of collective action: externally led, community led, comanaged, and organizational (summarized in Table [4](#cobi13266-tbl-0004){ref-type="table"}). Differences between the types were not always clear because articles lacked adequate information and because of the diversity of deployment strategies.

###### 

Four types of collective action identified in the 32 articles reviewed

  Type                        Definition                                                                                                                                                                                                                                                                                                                                                                                   Examples of individuals or organizations leading collective efforts
  --------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Externally led              External agencies or organizations envision, champion, and fund efforts to promote widespread contributions to invasive species control. Such efforts typically include financial incentives or penalties or technical support to landowners.                                                                                                                                                national, state, or local governments, international nongovernmental organizations (NGOs), state‐sponsored extension programs, or university research teams
  Community led               Private landowners or residents provide support, apply social pressure, or organize collaborative efforts with other landowners to control invasive species across property boundaries.                                                                                                                                                                                                      private landowners or residents
  Comanaged                   Private landowners or residents enter in cooperative arrangements with external agencies or organizations to promote invasive species control at a landscape scale. External agencies or organizations often provide regulations and litigation, incentives, technical assistance, or educational outreach.                                                                                  agencies or organizations (e.g., state and local government agencies, private companies, NGOs, and universities) and private landowners and residents
  Organizational coalitions   Institutions with a formal or informal mesolevel authority and formal networks of government agencies cooperate to control invasive species at a regional scale. Such organizational coalitions coordinate invasive species management programs and activities, pool resources, encourage consistent regulation and engagement, or facilitate management at appropriate ecological scales.   organizations such as Cooperative Weed Management Areas or Cooperative Invasive Species Management Areas in the United States (i.e., partnerships of local, state, and federal government agencies, private landowners, interested stakeholders, and organizations with environmental mandates)

John Wiley & Sons, Ltd.

Externally led collective actions were envisioned, championed, and funded by agencies or organizations, such as national, state, or local governments, international nongovernment organizations (NGOs), state‐sponsored extension programs, or university research teams. These entities recognized the cross‐boundary nature of invasive species and invested in landscape‐wide solutions. External groups most often promoted the collective interest by encouraging individual actions toward a PG. Although in 1 case, a large centralized government agency singlehandedly provided the PG (Toleubayev et al. [2007](#cobi13266-bib-0059){ref-type="ref"}). This type of collective action strongly resembles the external agency‐led type described by Uetake ([2013](#cobi13266-bib-0060){ref-type="ref"}), except that it often sought to organize rural land managers in general (Klepeis et al. [2009](#cobi13266-bib-0028){ref-type="ref"}), rather than just farmers, and occasionally involved publically and privately managed land of high conservation value (Higgins et al. [2007](#cobi13266-bib-0026){ref-type="ref"}).

The frequent aim of externally led collective action was to facilitate individual land managers' access to technology and assistance for addressing species invasions. The high capacity and institutional support of these organizations afforded actions and investments generally unavailable otherwise. Many developed unique science‐based solutions (e.g., universities), provided direct funding to land managers (e.g., state agencies), or facilitated information sharing (Tette et al. [1987](#cobi13266-bib-0057){ref-type="ref"}; Darin & Schoenig [2006](#cobi13266-bib-0011){ref-type="ref"}; Bryce et al. [2011](#cobi13266-bib-0006){ref-type="ref"}). However, with a reliance on external funding and leadership, this type of collective action rarely persisted after outside investments ended (Tette et al. [1987](#cobi13266-bib-0057){ref-type="ref"}; De Groot [1995](#cobi13266-bib-0012){ref-type="ref"}; Darin & Schoenig [2006](#cobi13266-bib-0011){ref-type="ref"}; Toleubayev et al. [2007](#cobi13266-bib-0059){ref-type="ref"}).

Because externally led collective action largely encouraged independent, rather than collaborative or joint, actions (Sadoff & Grey [2005](#cobi13266-bib-0053){ref-type="ref"}), none of the articles pertaining to this form of collective action mentioned the need for conflict‐resolution mechanisms (Table [2](#cobi13266-tbl-0002){ref-type="table"}) or predictable dynamics of the socioecological system (Table [3](#cobi13266-tbl-0003){ref-type="table"}). Instead, the emphasis was on monitoring to identify new invasions and expanding project boundaries to involve more individuals.

Externally led collective action sought cross‐boundary solutions to invasive species by emphasizing best management practices among independent actors. There is strength in this approach because collaboration requires investments that may overwhelm individual land managers and outside entities can provide landscape‐scale perspectives on emergent threats. However, inspiring local ownership of the problem and solution (Lachapelle & McCool [2005](#cobi13266-bib-0032){ref-type="ref"}) may help realize the benefits of external investment while ensuring program sustainability. For example, programs might encourage individual responses by local actors while enlisting local participation in program leadership to build consensus around the need for cross‐boundary cooperation. Further, programs could solicit feedback and develop local capacity and revenue to ensure program viability beyond the loss of external support.

Community‐led collective action typically involved private landowners, residents, and sometimes public land managers collaborating to control invaders, often without government mandates or leadership. This form of collective action arose from a shared understanding among landowners that invasive species posed a collective threat requiring coordinated management (Berney et al. [2012](#cobi13266-bib-0004){ref-type="ref"}; Stallman & James [2017](#cobi13266-bib-0056){ref-type="ref"}). Such community‐led collective action was observed in rural (Ravnborg & Westermann [2002](#cobi13266-bib-0052){ref-type="ref"}; Herbert [2013](#cobi13266-bib-0024){ref-type="ref"}), peri‐urban (Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}), and agricultural (Ayer [1997](#cobi13266-bib-0002){ref-type="ref"}) landscapes. It took diverse forms, including neighbors sharing information and control strategies (Herbert [2013](#cobi13266-bib-0024){ref-type="ref"}; Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}), residents convincing neighbors to or helping them control invasive species on their property (Ravnborg & Westermann [2002](#cobi13266-bib-0052){ref-type="ref"}; Herbert [2013](#cobi13266-bib-0024){ref-type="ref"}; Yung et al. [2015](#cobi13266-bib-0063){ref-type="ref"}; Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}), cooperative scouting for pest outbreaks (Stallman & James [2015](#cobi13266-bib-0055){ref-type="ref"}), coordinated pesticide application, release of biological controls, and crop rotation across farms (Ayer [1997](#cobi13266-bib-0002){ref-type="ref"}; Stallman & James [2015](#cobi13266-bib-0055){ref-type="ref"}).

This type of collective action is consistent with Uetake\'s ([2013](#cobi13266-bib-0060){ref-type="ref"}) nonorganization style because community members collaborate without external involvement. However, some land managers formed independent organizations (e.g., Herbert [2013](#cobi13266-bib-0024){ref-type="ref"}) and the norms and social capital factor were no more important for this than the other types of collective action (Table [3](#cobi13266-tbl-0003){ref-type="table"}). No articles mentioned the need for daily communication (Uetake [2013](#cobi13266-bib-0060){ref-type="ref"}). Further, shared knowledge of the socioecological system was less likely to be important (Table [3](#cobi13266-tbl-0003){ref-type="table"}). This indicates community‐led collective action starts when there is agreement that something needs to be done, but ambiguity exists regarding who should make decisions or what constitutes appropriate action (Brugnach et al. [2011](#cobi13266-bib-0066){ref-type="ref"}). For example, in 1 case, landowners started cooperating once they began talking about the impacts inaction was having on each other, rather than taking a systems perspective (Ravnborg & Westermann [2002](#cobi13266-bib-0052){ref-type="ref"}).

Almost all CPR factors and design principles were mentioned in the descriptions of community‐led collective action (Tables [2](#cobi13266-tbl-0002){ref-type="table"} & [3](#cobi13266-tbl-0003){ref-type="table"}). Yet, there was little overlap in the sets of factors or principles identified in each article, which made it difficult to determine whether any were consistently important. Some factors supported or undermined community‐led collective action, depending on the social context. For example, strong social norms and perceived reciprocity among neighbors regarding invasive species control efforts sometimes enabled collective action (Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}), whereas norms in rural areas against approaching neighbors about land management decisions undermined cooperation (Ravnborg & Westermann [2002](#cobi13266-bib-0052){ref-type="ref"}).

The articles reviewed suggested diverse strategies that can facilitate community‐led collective action. Several studies highlighted the importance of community workshops and organizations that facilitated socialization among community members, information and resource sharing, and informal agreements about invasive species control behavior (Herbert [2013](#cobi13266-bib-0024){ref-type="ref"}; Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}). This was particularly important in places with high neighborhood turnover and absentee landowners (Berney et al. [2012](#cobi13266-bib-0004){ref-type="ref"}; Yung et al. [2015](#cobi13266-bib-0063){ref-type="ref"}). To help overcome existing norms that militate against cooperation, organizations and community leaders can highlight the transboundary nature of invasive species control and the ecological and economic benefits that can arise from cooperation among neighbors (Ravnborg & Westermann [2002](#cobi13266-bib-0052){ref-type="ref"}).

Cooperative arrangements between institutional actors and land managers provided an alternative approach for area‐wide invasive species management. Although Uetake ([2013](#cobi13266-bib-0060){ref-type="ref"}) considers this approach a combination of the externally led and community‐led types, we argue it goes beyond the other 2 approaches because it often involves polycentric governance. In this type, organizational actors included state and local government agencies, private companies, NGOs, and universities, whereas individual actors were typically private landowners. Cooperation could be induced or motivated through diverse mechanisms, such as regulations and litigation (Graham [2013](#cobi13266-bib-0018){ref-type="ref"}, [2014](#cobi13266-bib-0019){ref-type="ref"}), incentives (Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}), technical assistance and educational outreach (Kruger [2016a](#cobi13266-bib-0030){ref-type="ref"}, [2016b](#cobi13266-bib-0031){ref-type="ref"}), and community‐based approaches (Graham [2013](#cobi13266-bib-0018){ref-type="ref"}, [2014](#cobi13266-bib-0019){ref-type="ref"}).

Two features of comanaged collective action that set it apart from self‐organizing CPR arrangements were how actors took advantage of resource‐unit mobility to galvanize action and how a diversity of users were embraced. For example, recognition of the ease with which invasive species move across the landscape was used to unite organizations and individuals around a common goal (McLeod & Saunders [2011](#cobi13266-bib-0036){ref-type="ref"}; Graham [2013](#cobi13266-bib-0018){ref-type="ref"}; Ervin & Frisvold [2016](#cobi13266-bib-0015){ref-type="ref"}) and instill a sense of community responsibility for managing invasive species (Mead [2016](#cobi13266-bib-0037){ref-type="ref"}). Outreach and training that embraced diverse actors served to promote trust, communication, and opportunities for social learning and action (Mead [2016](#cobi13266-bib-0037){ref-type="ref"}).

One of the key challenges for this model of collective action arose from the use of monitoring and sanctioning of landholder behavior (Table [2](#cobi13266-tbl-0002){ref-type="table"}). Articles that discussed this type of collective action often focused on the weakest link nature of invasive species management. Land managers who participate in comanaged collective action often do so with the expectation that government staff will use their enforcement powers to identify, work with, and sanction those actors who are least prepared or willing to manage invasive species (Graham [2013](#cobi13266-bib-0018){ref-type="ref"}, [2014](#cobi13266-bib-0019){ref-type="ref"}). Given that regulations and enforcement tend to erode trust and cooperation (McLeod & Saunders [2011](#cobi13266-bib-0036){ref-type="ref"}; Marshall et al. [2016](#cobi13266-bib-0034){ref-type="ref"}), it is challenging to work with unprepared or unwilling land managers in a comanaged collective action framework.

Policy makers and practitioners who wish to encourage comanaged collective action should consider prioritizing community‐building activities and learning opportunities that build trust among land managers and external actors; demonstrate how resource mobilities create interdependencies among diverse actors and the need for a common goal; and encourage increased participation by highlighting positive experiences of participants and emphasizing multiple forms of incentive (financial and nonfinancial) over enforcement of sanctions. Further, investing in invasive species management research that is interdisciplinary and participatory can foster fair representation and shared decision making among stakeholders and lead to socially acceptable and accessible strategies.

Organizational coalition collective action included the regional rearrangement of institutions with a formal or informal meso‐level authority (Donaldson & Mudd [2010](#cobi13266-bib-0013){ref-type="ref"}), as well as formal networks of government agencies and other organizational actors (Gunderson‐Izurieta et al. [2008](#cobi13266-bib-0021){ref-type="ref"}; Thomsen & Caplow [2017](#cobi13266-bib-0058){ref-type="ref"}) that aimed to address invasive species concerns at a regional scale. These included organizations such as Cooperative Weed Management Areas or Cooperative Invasive Species Management Areas in the United States, which were partnerships of local, state, and federal government agencies, private landowners, and various interested groups with a role in invasive species management.

The coalitions ranged from administrative or bureaucratic actions (e.g., networks of functionally or administratively similar offices, centers, or agencies) to community‐based and informal collaborations. In turn, collective action varied from highly formalized, jurisdictionally specialized coordination to informal initiatives that emphasized shared responsibilities and accountability among a range of stakeholders and across jurisdictions. Like Uetake\'s ([2013](#cobi13266-bib-0060){ref-type="ref"}) organization style, which comprises organizations of farmers and agency participants, we found that organizational‐coalition collective action largely comprised government agencies and community members. Generally, we distinguished organizational‐coalition collective action from the others by virtue of the collaboration being largely between agencies and organizations, especially those with environmental mandates. The purpose of such organizational collaborations was to coordinate invasive species management programs and activities, pool resources, encourage consistent regulation and engagement (Higgins et al. [2007](#cobi13266-bib-0026){ref-type="ref"}), or facilitate management at appropriate ecological scales (Thomsen & Caplow [2017](#cobi13266-bib-0058){ref-type="ref"}).

This form of collective action involved organizations with a shared understanding of the socioecological system (Table [2](#cobi13266-tbl-0002){ref-type="table"}). Possibly due to the scale at which this form of collective action operated, and the involvement of largely institutional actors, there was little focus on system productivity or predictability, resource unit mobility, graduated sanctions, or collective choice arrangements (Table [3](#cobi13266-tbl-0003){ref-type="table"}). Instead, the focus was on functional aspects of these coalitions, such as the member roles, communication, decision making, and planning processes. Thus, success or failure of the coalitions tended to be judged in terms of interorganizational or individual characteristics rather than from a policy and institutional analysis perspective (Donaldson & Mudd [2010](#cobi13266-bib-0013){ref-type="ref"}). In other words, studies about organizational coalition collective action generally stated or assumed that invasive species management requires collective action, although they included little or no discussion about which model, types, and scales of collective action were most appropriate, how these factors influenced conceptions of success, or how the collaboration related to existing bureaucratic and policy environments.

Future attempts to implement organizational coalition collective action should clearly articulate objectives, identify why and what type of collective action is required, and specify how success will be measured. It is important for members to not just share a desire to resolve an invasive species problem, but to clearly understand their responsibilities within the coalition and the extent of their jurisdiction. Success depends on establishing a clear definition of the invasive species problem from the outset as well as a management plan understood and agreed upon by all coalition members.

Discussion {#cobi13266-sec-0090}
==========

There is a developing, if nascent, interest in invasive species research that goes beyond individual managers and their practices to examine the relationships between various actors in invasive species management and the diverse configurations of collective action they form. Our typology, which extends similar efforts by Epanchin‐Niell et al. ([2010](#cobi13266-bib-0014){ref-type="ref"}), Marshall et al. ([2016](#cobi13266-bib-0034){ref-type="ref"}), and Uetake ([2013](#cobi13266-bib-0060){ref-type="ref"}), demonstrated the diversity of approaches to collective action. These approaches have reoriented invasive species policy, institutions, and management away from a narrow focus on educating and assisting individual managers and enforcing invasive species regulations on individual properties to more holistic, multiscalar, cross‐boundary, and collaborative efforts. In a broad sense, the works we reviewed made valuable contributions to conceptualizations of contemporary environmental management problems (including invasive species) that are defined by complexity and uncertainty and require inclusive, adaptive solutions (Woodford et al. [2016](#cobi13266-bib-0062){ref-type="ref"}). Interorganizational and intersectoral collective action strategies have become more common, both as a policy tool for governments and as a means for organizations and resource managers to increase capacity, scope, and efficiency.

The articles reviewed provided insight for those seeking to enhance collective responses to invasive species. Local ownership (e.g., Lachapelle & McCool [2005](#cobi13266-bib-0032){ref-type="ref"}) and capacity, social and financial, were critical for collective responses to endure, especially in instances where external support was high, but not assured in perpetuity. Financial capacity was important, but not sufficient for success. For example, collective efforts thrived when supported by normative beliefs among managers and stakeholders that invasive species ought to be controlled and that others were making investments to do so. Agencies or community leaders can elevate these normative beliefs with simple tools such as yard signs, public commitments, and participatory mapping (Niemiec et al. [2016](#cobi13266-bib-0040){ref-type="ref"}) or existing communication networks. Across articles, collective responses were enhanced when stakeholders appreciated the cross‐boundary nature of the problem, were aware of the benefits that might arise from coordinated action, and were presented with achievable goals. Where organizations collaborated, clear problem definitions and roles of collaborators fostered more successful responses. Efforts to enhance these contextual factors are likely to boost collective invasive species control.

Although some of the invasive species collective action research reviewed was linked to broader CPR theory, in most cases these links remained opaque. Most articles discussed factors commonly associated with successful CPR collective action including norms and social capital, shared knowledge of the socioecological system, monitoring, and third‐party sanctioning (Tables [2](#cobi13266-tbl-0002){ref-type="table"} & [3](#cobi13266-tbl-0003){ref-type="table"}). However, other factors identified as centrally or contextually important for effective CPR collective action, such as collective choice arrangements, low‐cost conflict‐resolution mechanisms, and collective‐choice rules, received less attention (Tables [2](#cobi13266-tbl-0002){ref-type="table"} & [3](#cobi13266-tbl-0003){ref-type="table"}). Thus, there is significant scope for invasive species research to engage more substantively with CPR collective‐action theory and to clarify the type of collective‐action problems that exist with respect to invasive species and under what circumstances.

Invasive species management research could benefit from more deliberate engagement with PG theory and literature. Most reviewed articles uncritically engaged CPR theory in their discussions about the need for collective action in invasive species management. Our findings suggest that although some elements of CPR theory are relevant and applicable to collective control of invasive species, others have been confounded with PG‐specific characteristics and dynamics (i.e., establishing clear boundaries and number of users), and some may be incompatible (i.e., agencies or organizations monitoring and sanctioning individual behavior). More research is needed to explore and detail the aspects of CPR and PG theories that are complimentary when used to investigate collective responses to invasive species, which are contradictory, and, in cases of the latter, which is more fruitful. The relevance of these questions likely extends beyond invasive species control to other environmental resources.

Invasive species control represents a complex, interjurisdictional challenge that demands a range of collective actions linking diverse actors at various scales. This collective action requires a diversity of expertise that is functionally linked as an integrated system of management or mitigation. Thus, questions regarding the diverse forms of interactor collective action for invasive species management become highly germane. There is a need to better understand, connect, and model the conceptual foundations, forms, and actions of such collectives as a form of environmental network governance (Lubell et al. [2017](#cobi13266-bib-0033){ref-type="ref"}).

Based on the results of our review, a key aim for the development of invasive species policy and governance should be to facilitate collective action between and among landowners, organizations, and government agencies to achieve management objectives at various scales. The legislative and policy foundations of invasive species management have remained largely unchanged, and there is a mismatch between their focus on individual‐level action and the complex, transboundary nature of invasive species and their management. There is considerable scope for future research on invasive species management to explore how policy and practice can more substantively draw on, be evaluated through, and contribute to rich bodies of existing theory and knowledge concerning environmental governance and collective action to empower effective responses to invasions and realize desired ecological outcomes.
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